Abstract: Spectrophotometric analysis in the ultraviolet (UV) region is used in the determination of several quantitative and qualitative parameters. For ensuring reliability of the analyses performed on the spectrophotometers, verification / calibration of the equipment must be performed periodically using certified reference materials (CRMs). This work presents the characterization stage needed for producing this CRM. The property value characterized was the absorbance for the wavelengths in the UV spectral regions. This CRM will contribute to guarantee the accuracy and linearity of the absorbance scale to the spectrophotometers, through which analytical measurement results will be provided with metrological traceability.
INTRODUCTION
It is usually recommended testing the spectrophotometer's performance using certified reference materials (CRMs) and it is also important that the technical analyst finds ways to validate if the instrument is operating properly or if it is capable to provide acceptable analytical results [1] .
Due to the importance of verifying the spectrophotometer's performance in a regular interval of time, the Electrochemical Laboratory from Chemical and Thermal Metrology Division (Dimqt), together working with the Laboratory of Radiometry and Photometry from Optical Metrology Division (Diopt) developed the CRM of crystalline potassium dichromate (K 2 Cr 2 O 7 ). From this CRM, some acid solutions with specific concentrations for the wavelengths in the UV spectral regions are prepared. Then, these standard solutions will be used to evaluate the performance of spectrophotometers in the UV regions [2].
Acid solutions from this CRM must have their optical properties properly characterized to be used for this purpose. The characterization stage is very important to the CRM development [3] . In this stage, the value of the property to be certified is obtained and its measurement uncertainty is evaluated. The uncertainty of the characterization (u char ) will contribute to the uncertainty of the CRM.
The characterization stage involves the preparation of five different concentrations of dichromate acid solutions from the batch of the candidate CRM of K 2 Cr 2 O 7 for measuring the solutions in different equipment, in this case, in two laboratories with different methodologies [3] and by qualified technicians. At the end, the results obtained are compared and an average value from the two laboratories is chosen in order to assure the metrological reliability of the results from the use of K 2 Cr 2 O 7 as a reference material for the verification of the photometric scale of the spectrophotometer in the UV spectral region.
Objective
This work aims to present the methodology for the characterization of the candidate CRM of K 2 Cr 2 O 7 , in order to fulfil one of the production steps for this material to be recognized as a CRM.
EXPERIMENTAL

Batch of candidate CRM of K 2 Cr 2 O 7
Reference material (RM) developed in a batch contained 64 bottles of the candidate CRM of K 2 Cr 2 O 7 was prepared (Figure 1) . Firstly, 1 kg of the salt of K 2 Cr 2 O 7 was mixed and manually homogenized; after, 15 g of the material were weighed in an analytical balance and were filled in each glass bottle, numbered in the order of filling. Finally, 4 bottles were at random selected from the batch for the homogeneity, characterization and stability studies. Before preparing the acid solutions, the purity of the K 2 Cr 2 O 7 was determined by coulometric titration (99.921 %) and this value was taken into account for calculating the concentration of the solutions. Where, A a is the apparent absorbance; a a apparent absorptivity; b, length of path and c, the concentration. The term named apparent was introduced together with the parameters absorbance and absorptivity because the effect related to the buoyancy correction for mass and also internal reflections of light in the quartz cuvette were not considered in the measurements.
Potassium dichromate acid solutions
Thus, acid solutions prepared from different samples of the candidate CRM of K 2 Cr 2 O 7 were measured in two spectrophotometers at Inmetro in different laboratories and the results were compared each other.
For guaranteeing the reliability and metrological traceability from measurement results, all instruments, which had an important effect in the accuracy and reliability of the measurement results of testing, were calibrated before being used.
RESULTS
Characterization
Acid solutions from sample 23 and 57 from the batch of the candidate CRM of K 2 Cr 2 O 7 prepared at different concentrations were measured in two different spectrophotometers, with different technicians.
The values obtained in the absorbance measurements are showed in table 1. The final result is the average absorbance (A) measured for each concentration, as well as the expanded uncertainties U (A) associated with each measurement, according to the GUM [5] . The environmental conditions during the measurements were T = (25.1 ± 0.8) °C and RH = (58.2 ± 2.6) %. Each laboratory calculated its own uncertainty.
Apparent absorptivity uncertainty
If it were necessary to use the results in apparent absorptivity, the laboratories need to determine the apparent absorptivity uncertainty that will be composed by absorbance (A), optical path (b)
The influence due to the optical path can be calculated from measurements in a set of n cuvettes chosen at random from those used in the analyses. Each set cuvette can be measured n times and the mean of n measurements to be use for calculating the optical path value.
In this case, as the solution was prepared gravimetrically, so the influence due to the concentration considers only the uncertainties of the balance and the purity. The value to be considered as influence due to the concentration will be 0.0001 g kg 1 . The normalized errors (E n ) found were less than 1.0 (E n < 1.0), which attesting the metrological reliability of the results obtained from using of crystalline potassium dichromate as a reference material for photometric scale of spectrophotometers in the UV region.
The characterizations of potassium dichromate solutions considering absorbance as property value will be declared in the certificate.
This stage proves the technical feasibility of Inmetro to produce and to supply to the national and international market a CRM of potassium dichromate for verifying the linearity of commercial spectrophotometers in the ultraviolet region, thus guaranteeing the traceability and reliability of the results of the measurements made by laboratories using the spectrophotometric technique in the country.
On the basis of the results obtained, Inmetro is able to produce the CRM of potassium dichromate, similar in quality to that of international producers, sparing the plaintiffs from the bureaucratic drawbacks of imports. In addition, being the only one available in the domestic market, it is reasonable to expect that the demand for the product will gradually increase.
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